Type 2 diabetes (T2DM) is characterized by hyperglycemia, dyslipidemia, and increased inflammation. Previously, we showed that high glucose (HG) induces Toll-like receptor (TLR) expression, activity, and inflammation via NF-B followed by cytokine release in vitro and in vivo. Here, we determined how HG-induced inflammation is affected by free fatty acids (FFA) in human monocytes. THP-1 monocytic cells, CD14 ϩ human monocytes, and transiently transfected HEK293 cells were exposed to various FFA (0 -500 M) and glucose (5-20 mM) for evaluation of TLR2, TLR4, NF-B, IL-1␤, monocyte chemoattractant protein-1 (MCP-1), and superoxide release. In THP-1 cells, palmitate increased cellular TLR2 and TLR4 expression, generated reactive oxygen species (ROS), and increased NF-B activity, IL-1␤, and MCP-1 release in a dose-and time-dependent manner. Similar data were observed with stearate and FFA mixture but not with oleate. Conversely, NADPH oxidase inhibitor treatment repressed glucoseand palmitate-stimulated ROS generation and NF-B activity and decreased IL-1␤ and MCP-1 expression. Silencing TLR2, TLR4, and p47phox with small inhibitory RNAs (siRNAs) significantly reduced superoxide release, NF-B activity, IL-1␤, and MCP-1 secretion in HG and palmitate-treated THP-1 cells. Moreover, data from transient transfection experiments suggest that TLR6 is required for TLR2 and MD2 for TLR4 to augment inflammation in FFA-and glucoseexposed cells. These findings were confirmed with human monocytes. We conclude that FFA exacerbates HG-induced TLR expression and activity in monocytic cells with excess superoxide release, enhanced NF-B activity, and induced proinflammatory factor release.
THE LEVELS OF PLASMA free fatty acids (FFA) and glucose are elevated in obesity and type 2 diabetes (T2DM) and are implicated in the excess cardiovascular disease (CVD) risk associated with diabetes (15) . Cell culture and animal studies have established chronic inflammation in the development and progression of insulin resistance (IR) and T2DM (29) . In parallel, epidemiologic studies showed elevated plasma levels of C-reactive protein (CRP), serum amyloid A, cytokines, and chemokines as potential mediators of inflammation and predictors of CVD in T2DM patients (28) . Monocytes and macrophages are pivotal cells orchestrating the development of IR and CVD (4) . They are closely linked to the chronic inflammatory processes that underline IR, T2DM, and atherosclerosis (27) . Proinflammatory factors derived from them have deleterious effects in the development and progression of IR and diabetes (27) . Thus the mechanisms by which these metabolic abnormalities (dyslipidemia and hyperglycemia) contribute to systemic inflammation are essential for understanding of the pathophysiology of IR, T2DM, and CVD.
Activation of the innate immune system via Toll-like receptors (TLRs) is implicated in a plethora of inflammatory diseases (8, 33, 36, 41) . TLRs are evolutionarily conserved pattern recognition receptors expressed on several cell types including monocytes (36) . Among the TLRs, TLR2 and TLR4 play a critical role in the pathogenesis of IR, diabetes, and atherosclerosis in both clinical and experimental conditions (8, 33, 41) . Shi et al. (33) demonstrated TLR4 as a molecular link between FFA, inflammation, and the innate immune system. We recently showed (9, 10) that hyperglycemia induces TLR2/4 in human monocytes with concomitant inflammation via NF-B activation and further provided proof of concept using monocytes from T2DM patients. Studies by Schwartz et al. (31) , Coll et al. (6) , and others (3) have indicated that increased concentrations of saturated fatty acids (SFA) lead to the activation of TLR2 and TLR4, potentially inducing inflammation. Therefore, elevated plasma FFA and glucose concentrations may facilitate the initiation and progression of IR and T2DM (5, 34) through TLR and contribute to the development of CVD (24) . Thus it is important to address the combined effects of FFA and glucose on TLR-mediated inflammation to elucidate the mechanisms of chronic inflammation seen in IR, T2DM, and CVD. We now describe the novel finding that FFA in the presence of high glucose (HG) exacerbate TLR2 and TLR4 expression, which results in NADPH oxidase-dependent superoxide (O 2 Ϫ ) production in human monocytes, and that this sequence of events is required for the inflammatory response to FFA ϩ HG in monocytic cells. Collectively, our findings suggest that FFA and HG in the systemic circulation of obese and T2DM patients may cause excessive TLR activation resulting in NADPH oxidase-dependent proinflammatory response via NF-B.
MATERIALS AND METHODS
Reagents. The THP-1 human monocytic cell line was obtained from American Type Culture Collection. D-Glucose and mannitol were from Sigma. Apocynin (15 and 30 M) and diphenyleneiodonium chloride (DPI; 5 and 10 M) were from Calbiochem. Purified LPS was obtained from List Biological Laboratory. Pam 3CSK4 (TLR2 ligand) was purchased from Invivogen. Macrophage-activating lipopeptide-2 (MALP-2) was from Alexis. Mouse pDisplay-HA-TLR4, 2, 1, and 6 were obtained from Lynn Hajjar (University of Washington). NF-B(2x)-luciferase reporter construct was provided by Frank Mercurio (Signal Pharmaceuticals). pRSV-␤-galactosidase plasmid was from Jongdae Lee (Univ. of California, San Diego). Anti-human TLR2 and TLR4 antibodies and isotype-matched IgG controls were obtained from eBioscience. Prevalidated p47phox (NM_000265), TLR2 (NM_003264), and TLR4 (NM_138554) small inhibitory RNAs (siRNAs) and siPORT amine reagent were purchased from Ambion. The concentrations of the various inhibitors and siRNAs used in the present study were reported previously (9, 10) .
Fatty acid preparation. Palmitate, stearate, and oleate fatty acids were obtained from NuChek. Low-endotoxin bovine serum albumin (BSA, FFA free) was purchased from Sigma. FFA were dissolved in 0.1 M NaOH at 70°C and then complexed with 10% BSA at 55°C for 10 min such that a final FFA concentration of 500 M was achieved as described previously (7, 23) . After filtration, the concentration of albumin-bound FFA was measured with the NEFA-C kit from Wako. Stock solutions of 5 mM FFA with 10% BSA and 10% BSA control solutions were prepared fresh before experiments. The mixtures of FFA used in some confirmatory experiments were obtained from NuChek (3). FFA-BSA complexes (molar ratio 2.4:1) and all the reagents were tested for LPS contamination with the Limulus amebocyte lysate (LAL) assay, and the average endotoxin level was Ͻ100 EU/ml consistently in all the experiments, as this low LPS concentration does not interfere with TLR2/4 measurement (9, 10).
Cell culture and treatments. THP-1 cells were subcultured in endotoxin-free RPMI with 5.5 mM glucose as described previously (10) . After 2 days in culture, cells (1 ϫ 10 6 cells/ml) were exposed to FFA-BSA (10 -500 M) in the presence or absence of glucose (5-15 mM) as indicated, with BSA alone serving as control. LPS (170 ng/ml), Pam 3CSK4 (170 ng/ml), and MALP-2 (1 ng/ml) were used as positive controls with polymyxin B (10 g/ml) pretreatment in all experiments as described previously (9, 10) . In addition, cell viability was determined by the Trypan blue exclusion method and was Ͼ92% in all experiments. In pharmacological inhibitor studies, cells were pretreated for 2 h with indicated agents, followed by 24 h of FFA-BSA treatment with and without HG (15 mM) (10) . After treatments, cells were collected and RNA was isolated for RT-PCR. Conditioned medium was used for ELISA assays. Human monocytes (CD14 ϩ ) were isolated from blood obtained from three healthy volunteers per experiment, to minimize variations in the data collected, as described previously (9) . All human protocols were approved by the University of California, Davis Institutional Review Board, and informed consent was obtained from study subjects.
Fluorescence-activated cell sorter analysis of TLR2 and TLR4. TLR2 and 4 expressions were determined by flow cytometry as described previously (9, 10) . Briefly, after treatment with FFA-BSA and HG, cells were incubated with anti-human TLR2/4 antibodies or IgG isotype controls and were analyzed with a BD FACS Array Bioanalyzer. Results are expressed as mean fluorescence intensity (MFI)/10 5 cells. The intra-and interassay coefficients of variation (CVs) were determined to be Ͻ10%.
RNA extraction and RT-PCR. RNA was isolated from the cells with TRI reagent (Invitrogen, Carlsbad, CA). RT-PCR was performed with TLR2, TLR4, p47phox, and 18S RNA primer probe sets purchased from SA Bioscience. Data are presented as fold induction of transcripts for TLR gene normalized to 18S in cells treated with FFAϩHG (9, 10) .
Enzyme-linked immunosorbent assay. IL-1␤ and monocyte chemoattractant protein-1 (MCP-1) were measured in the conditioned media by enzyme-linked immunosorbent assay (ELISA) (R&D Systems), as reported previously (10) . The intra-and interassay CVs were between 7% and 10% for both assays.
siRNA transfection. All assays were performed with THP-1 cells as described previously (10) , with suitable vehicle and scrambled siRNA controls and subsequently treated with FFA-BSA ϩ HG (15 mM) for 24 h. Transfection rates of 70% of cells were accepted for all the experiments. Knockdown efficiency of the siRNAs is indicated via 1) flow cytometric analysis of TLR2 and TLR4, 2) real-time PCR of the target gene, and 3) measurement of the end product (cytokines) of the target gene.
NF-B transcription factor activity assay. NF-B p65 DNA binding activity in the nuclear extracts of FFA-BSAϩHG-treated cells were determined with the nonradioactive TransAM transcription factor assay, as described previously (9, 10) . The intra-and interassay CVs for the assay were Ͻ10%.
Luciferase reporter gene assays for TLR2 and TLR4. Assays were performed as described previously (10, 22) . Briefly, 293T cells (which lack TLR2/4 receptors) were cotransfected with TLR4 and MD2, or TLR2 and TLR1/TLR6 expression plasmids, a luciferase plasmid containing NF-B(2x)-binding site and a ␤-galactosidase plasmid, and corresponding empty vectors as controls with SuperFect transfection reagent (Qiagen), as described previously (10, 22) . Transfected cells were treated with FFA-BSA in HG or synthetic TLR ligands for 18 h before lysis. Luciferase and ␤-galactosidase enzyme activities were determined (10, 22) .
Superoxide assay. O 2 Ϫ production was measured by the superoxide dismutase (SOD)-inhibitable reduction of cytochrome c, as described previously (38) . Results were expressed as nanomoles per minute per milligram of protein (38) .
Statistical analysis. Results of the experimental studies are reported as the means Ϯ SD of four separate experiments. Differences were analyzed by ANOVA with appropriate post hoc analyses. A probability value of P Ͻ 0.05 was considered significant. All statistical analyses were performed with GraphPad Prism Software.
RESULTS

TRL2 and TLR4 mRNA and protein expression are significantly increased in human monocytic cells with FFA-BSAϩHG.
To extend and add to our previous observation that incubation of monocytic cells with HG for 24 h induces TLR2 and TLR4 expression and functional activity (10), we first examined the effect of increasing palmitate-BSA (PM-B; 10 -500 M) ϩ HG (15 mM) concentrations on both TLR2 and TLR4 surface expression in monocytic cells. PM-BϩHG significantly increased both TLR2 and TLR4 in a dose-dependent manner, with maximum response observed at 500 M PM-B (Fig. 1A ) compared with BSA-or HGϩBSA-treated cells. Analysis of the time-response effects of 500 M PM-B in the presence of HG using RT-PCR showed that both TLR2 and TLR4 mRNA levels were significantly increased by PM-BϩHG (5-to 6-fold, P Ͻ 0.001) after 24 h compared with control cells and returned to basal levels by 72 h (Fig. 1B) . Next, we examined cell surface expression of TLR2 and TLR4, using flow cytometry in monocytic cells. TLR2 and TLR4 protein levels corroborated mRNA levels with PM-BϩHG treatment (Fig. 1C) . Because of the maximal increase in TLR2 and TLR4 expression occurring at 24 h of incubation with 500 M PM-BϩHG, all subsequent experiments were conducted for this duration and with this concentration. The present cell culture studies are based on concentrations of PM (500 M) found in diabetes patients, because exaggerated and prolonged postprandial hyperlipidemia is an important characteristic of diabetic dyslipi-demia, in addition to persistent hyperglycemia, reinforcing the clinical relevance of these experiments. Secreted levels of IL-1␤ (PM-BϩHG 13 Ϯ 3 vs. PM-B 6 Ϯ 2.5 pg/ml; P Ͻ 0.05) and MCP-1 (PM-BϩHG 122 Ϯ 13 vs. PM-B 41 Ϯ 6 pg/ml; P Ͻ 0.01) in the conditioned media coincided with maximal TLR2 and TLR4 expression in PM-BϩHG-exposed cells.
In parallel, we examined the effect of increasing glucose concentration, using 500 M FFA-BSA. Significant additive increase in TLR2 and TLR4 expression was observed at 15 mM glucose (Fig. 1D ) with stearate and PM-B. Oleate-BSA did not show appreciable effects. Therefore, we chose to use a 15 mM glucose concentration in all the experiments with PM-B because this closely relates to the physiological levels of glucose and FFA in controlled diabetic patients. Addition of mannitol (9.5 mM) to PM-B had no enhancing response, ruling out osmotic effects.
Because FFA are soluble in aqueous solutions only when coupled to BSA (18), we used a BSA-alone control in our experiments and observed that this did not result in the induction of TLR2 or TLR4 expression, confirming the specificity of the response. Furthermore, to rule out the contaminating endotoxin (ligand for TLR4), we used two methods: 1) pretreatment of cells with polymyxin B (as shown in Fig. 1A , this pretreatment had no effect on the TLR response) and 2) consistently measuring endotoxin concentrations of all the reagents used and eliminating reagents with Ͼ100 EU/ml from further use.
Given that 88% of circulating FFA comprise oleate (C18:1), palmitate (C16:0), and stearate (C18:0) at a ratio of 1.6:1:0.5 in humans (16), we examined their inflammatory effects in the presence of HG. Stearate-BSA and FFA mixture-BSA significantly induced TLR2 and TLR4 expression, and this was further enhanced in the presence of HG in THP-1 cells (Fig. 2 ) compared with BSA-or HG-treated cells. In contrast, effects of oleate on TLR2/4 were not significant, in line with earlier studies (3) (Fig. 2) .
Additionally, we confirmed the THP-1 monocytic TLR2 and TLR4 activation with PM-BϩHG, using primary human monocytes (n ϭ 12 healthy volunteers) and RT-PCR and flow cytometry. TLR2 mRNA (3.4-fold 1, P Ͻ 0.05) and TLR4 mRNA (2-fold 1, P Ͻ 0.05) were significantly increased with PM-BϩHG compared with HG-or PM-treated cells (Fig. 3A) . Similarly, TLR2 and TLR4 protein expression were also enhanced with PM-BϩHG compared with HG-or PMtreated cells (Fig. 3B) . To further confirm PM-BϩHG-induced TLR2 and TLR4 expression, we used reporter-based cotransfection assays (10, 21, 22) . Recently, it has been shown that TLR2 dimerizes with TLR1 or TLR6 and results in receptor activation and inflammation upon SFA challenge. To determine whether TLR1 or TLR6 is required for the activation of TLR2 by PM-BϩHG, 293T cells were cotransfected with murine TLR2 and either TLR1 or TLR6. PM-BϩHG activated NF-B when TLR2 was cotransfected with TLR6 ( Fig. 4A) and not TLR1 (data not shown) compared with HG. PM-BϩHG induced significant NF-B transactivation in TLR4-MD2-cotransfected 293T cells compared with HG (Fig. 4B) . Purified LPS, Pam 3 CSK4, and MALP-2 were used as positive controls (Fig. 4) . These results demonstrate that PM-BϩHG-enhanced HG-induced TLR4 and TLR2 receptor activity and engagement requires MD2 and TLR6 as coreceptors, respectively, resulting in NF-B activation, further confirming our data.
Effect of PM-BϩHG on superoxide production in THP-1 cells: role of TLR2, TLR4, and p47phox. NADPH oxidase is considered the most important enzyme required for reactive oxygen species (ROS) generation in phagocytic cells. Previously, we (10) and others (23) have shown that HG and FFA-induced TLR2/4 expression facilitates monocyte NADPH oxidase production via p47phox, a key component needed for ROS generation. However, the combined effects of glucose and FFA on O 2 Ϫ production have not been examined. Therefore, we examined the role of NADPH oxidase in TLR2-and TLR4-modulated O 2 Ϫ production and inflammation under PM-BϩHG with two strategies: 1) pharmacological inhibitors apocynin and DPI and 2) siRNAs. Cells were pretreated with apocynin (15 and 30 M) or DPI (5 and 10 M) for 2 h, followed by exposure to PM-BϩHG for 24 h. Both inhibitors (at 30 M and 10 M) significantly blocked PM-BϩHG-stimulated O 2 Ϫ production in THP-1 cells compared with PM-BϩHG (Fig. 5A) . Moreover, apocynin and DPI pretreatment significantly decreased PM-BϩHG-induced NF-B, IL-1␤, and MCP-1 in THP-1 cells (% inhibition compared with PM-BϩHG; Fig. 5B ).
Because p47phox is the most common subunit of NADPH oxidase involved under hyperglycemia and hyperlipidemia conditions, we hypothesized that PM-BϩHG-mediated NF-B activation and O 2 Ϫ production are p47phox dependent. To test this hypothesis, we selectively reduced expression of p47phox with appropriate scrambled p47phox siRNA (Sc-siRNA; as a negative control) in THP-1 cells using siRNA. As expected, treatment with p47phox siRNA, but not Sc-siRNA, reduced O 2 Ϫ production with PM-BϩHG stimulation (Fig. 5C ). Moreover, PM-BϩHG-mediated increases in NF-B, IL-1␤, and MCP-1 were reduced after p47phox siRNA treatment (% inhibition compared with PM-BϩHG; Fig. 5D ), whereas scrambled control siRNA had minimal effect. In addition, p47phox knockdown in THP-1 cells treated with PM-BϩHG showed significantly decreased TLR2/4 mRNA (Fig. 5E ) and protein (Fig. 5F ) levels compared with Sc-siRNAtransfected cells.
In a second set of experiments, we determined whether TLR2/4 is necessary for the effects of PM-BϩHG on O 2 Ϫ production, NF-B, IL-1␤, and MCP-1. THP-1 cells were transfected with TLR2/4 siRNA and exposed to PM-BϩHG for 24 h. TLR2 and TLR4 surface expression was measured by flow cytometry and mRNA via RT-PCR analysis. TLR2 knockdown resulted in significant inhibition of TLR2 mRNA (79% 2, P Ͻ 0.001) and protein (83% 2, P Ͻ 0.05), with no change in TLR4 expression (Fig. 6, A and B) . In TLR4-transfected cells, significant decrease in TLR4 mRNA (80% 2, P Ͻ 0.05) and protein (88% 2, P Ͻ 0.05) expression was observed after PM-BϩHG treatment compared with scrambled controls, with minimal change in TLR2 (Fig. 6, A and B) . Furthermore, PM-BϩHG-mediated increases in O 2 Ϫ production (Fig. 6C) , NF-B, IL-1␤, and MCP-1 were reduced with both TLR2 and TLR4 siRNA treatment (% inhibition is depicted in Fig. 6 , D-F) compared with scrambled control siRNA. Taken together, our results suggest that PM-BϩHG amplifies the proinflammatory response through TLR2/4-mediated O 2 Ϫ production and activation of NF-B with IL-1␤ and MCP-1 release in monocytes. Furthermore, these inflammatory effects may be attenuated by blocking TLR2, TLR4, and O 2 Ϫ production.
DISCUSSION
Our data suggest that SFA amplify HG-induced expression of TLR2 and TLR4, O 2 Ϫ release, NF-B activity, and proinflammatory factors in human monocytic cells. They extend our previous observations on the effects of glucose excess on these innate immune receptors and proinflammatory factors (10) by showing that FFA enhance the effect of glucose on TLR2 and TLR4 expression. Moreover, FFA stimulate TLR2 and TLR4 expression via a pathway that is both ROS-and NF-B dependent, similar to findings observed previously with glucose excess (10) , and is suppressible by exposure to specific NADPH oxidase inhibitors. Our findings also implicate both TLR2 and TLR4 in FFA- stimulated expression of proinflammatory factors. Finally, it appears that specific TLR cofactors (TLR6, MD2) associated with glucose excess TLR2/4 induction are involved in FFA-enhanced TLR expression as well (Fig. 7) .
There are few studies showing the combined effects of physiologically relevant concentrations of glucose and FFA in human monocytes. Lamharzi et al. (20) showed that FFA and glucose stimulate macrophage proliferation involving glucosedependent oxidation of LDL. de Kreutzenberg et al. (12) showed that PMϩHG play a significant role in SIRT-1 expression in vitro and in T2DM and metabolic syndrome subjects. Okuyama et al. (26) demonstrated potentiating cytotoxic ef- (17) through a number of signaling pathways. Thus it is important to understand how these cells sense the increased metabolic stress within the cell. Therefore, we examined the direct effect of palmitate and HG on the sentinel sensors of innate immune cells, namely, TLRs. In addition, there are no studies examining their combined effect on innate immune responses through TLR2 and TLR4. Our data suggest that the addition of palmitate to HG significantly increased O 2 Ϫ production, NF-B activation, IL-1␤, and MCP-1 release compared with HG alone. NF-B activity and cytokines returned near to basal level by treatment with TLR2, TLR4, or p47phox siRNAs. Partial recovery from palmitate and HG-induced inflammation via TLR2 and TLR4 inhibition suggests the presence of alternate NF-B inflammatory pathways. Recent data indicate that peroxisome proliferator-activated receptor (PPAR)␥ activation may be related to TLR activation supporting this process (30) .
Interestingly, saturated and monounsaturated fatty acids differ significantly in their contribution to inflammation (21, 22) . Thus it is generally thought that SFA induce inflammation (22) whereas monounsaturated fatty acids increase insulin sensitivity in diabetic patients (22) and healthy subjects (39) . However, the precise mechanisms are still unknown. Recent studies have demonstrated a link between SFA and IR via TLRs (33) . Moreover, our group showed increased TLR2 and TLR4 expression and activity in T2DM patients (9) . In view of these interesting findings, we examined the enhancing effects of oleate, palmitate, and stearate on TLR2 and TLR4 expression in HG. While palmitate and stearate significantly amplified TLR expression, NF-B, and inflammatory factors in HG, oleate had no effect. At this point, cellular mechanisms for oleate's negative effects on TLRs are unclear and will be examined in future studies. As shown by cell viability data, oleate was not cytotoxic. Our findings are in line with earlier reports that stearate and palmitate, but not oleate, increased TLR expression and cytokine production in islets (3) . In future studies, we will investigate whether docosahexaenoic acid (C22:6 n-3) and eicosapentaenoic acid [the major n-3 polyunsaturated fatty acids (PUFAs)] (22) ameliorate HG and palmitate-induced TLR-mediated inflammatory effects in vitro and in T2DM patients. Moreover, our results should be interpreted carefully as some of the experimental conditions are not entirely physiologically relevant in normal conditions. NADPH oxidase is accepted as a key enzyme involved in ROS generation in monocyte-macrophages. Tripathy et al. (37) showed that infusion of FFA causes an increase in ROS generation, NF-B p65-dependent activity, and plasma inflammatory cytokine levels in healthy humans, linking FFA and an increase in NF-B, a key step to the induction of inflammation. Our cell culture experiments provide mechanistic details in support of earlier studies in humans demonstrating the innate immune (TLR2/4), oxidative (p47phox, ROS), and inflammatory (NF-B) effects of high-fat and high-carbohydrate meals (13, 14, 25) . We showed previously (10) that p47phox is an essential component of monocyte NADPH oxidase-mediated ROS generation via TLRs under HG. Therefore, to test the role of PMϩHG-induced O 2 Ϫ overproduction and inflammation, we treated THP-1 cells with apocynin and DPI, inhibitors of NADPH oxidase activity, both of which reduced PMϩHG-induced O 2 Ϫ overproduction, in line with earlier studies (10, 38) . Next, we asked the question whether p47phox is involved in the amplification of palmitate response in excess glucose. Using p47phox (cytosolic) siRNAs, we measured O 2 Ϫ release. Data suggest that exacerbated O 2 Ϫ release with FFA and HG is ameliorated with p47phox inhibition, while p47phox Sc-siRNA had no effect.
Engagement of both TLR2 and TLR4 by FFA in excess glucose conditions leads to the activation of a common inflammatory gene activation mediated by NF-B. In the present study, NF-B activation coincided with TLR2/4 expression, Fig. 7 . Schematic representation of how glucose and palmitate induce TLR activation and inflammation in monocytes. According to the data presented, palmitate in HG amplifies TLR2 and TLR4 expression and function via increased NF-B activation and cytokine production. In parallel, both HG and palmitate promote production of superoxide via p47phox, which by themselves induce inflammation. Inhibition of TLR expression and NADPH oxidase (p47phox) with siRNA and specific chemical inhibitors significantly attenuates HG-and palmitate-amplified TLR-mediated inflammation in monocytes.
suggesting that they are linked. Palmitate-and stearate-activated TLR2 and TLR4 expression were associated with NF-B activation; oleate that had no effect on TLR2/4 expression also had no effect on NF-B activation and proinflammatory factor release stimulated by HG, palmitate, or both. These data are in line with other studies (35, 2, 19) showing stimulatory effects of SFA on NF-B activity. Moreover, silencing TLR2 or TLR4 with siRNAs significantly abrogates NF-B activity and inflammatory mediator release, consistent with previous observations suggesting that the TLR2/4 pathway can be activated by SFA (22, 32, 39) .
Our results have important implications for understanding the combined effects of hyperglycemia and dyslipidemia commonly observed in obesity and T2DM and the mechanisms underlying subclinical inflammation in vivo, in that the levels of glucose and FFA could potentially result in different degrees of TLR activation, and thereby proinflammatory factors in monocytes. This in turn could affect systemic inflammation, an important determinant of IR in adipose tissue and skeletal muscle. Thus excess of glucose and SFA, collectively, are likely to exacerbate TLR-induced proinflammatory factors and may have deleterious metabolic consequences in obesity and T2DM. Conversely, inhibition of TLR-mediated inflammatory pathways might actually benefit these patients. Interestingly, recent findings in mouse models were consistent with our in vitro observations. Thus deficiency of TLR2 protects mice from high-fat diet-induced obesity by regulating basal and insulin-induced glucose uptake in adipocytes (11) . Absence of TLR4 was associated with reduced IR in diet-induced obese mice (33) , and neutralization of TLR2 with antisense oligonucleotide attenuated IR in high-fat diet-fed mice (4). In summary, the results reported here demonstrate that the stimulatory effects of hyperglycemia are enhanced with SFA by engaging TLR2 and TLR4 receptors and inducing O 2 Ϫ release, NF-B activation, and proinflammatory factor release, thus contributing to systemic inflammation evident in T2DM.
